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Electrocardiographic abnormalities in acute
cerebrovascular events in patients with/without
cardiovascular disease
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Abstract

Objectives: Electrocardiographic (ECG) changes are reported frequently after acute strokes. It seems that cardiovascular effects of strokes
are modulated by concomitant or pre-existent cardiac diseases, and are also related to the type of cerebrovascular disease and its localization.
We aimed to determine the pattern of ECG changes associated with pathophysiologic categories of acute stroke among patients with/
without cardiovascular disease and to determine if specific ECG changes are related to the location of the lesion. Materials and Methods:
The electrocardiographic records of 361 patients with acute stroke were studied to assess the relative frequencies of ECG abnormalities
among the pathophysiologic categories of stroke. Results: In the present study, the most common ECG abnormalities associated with
stroke were T-wave abnormalities, prolonged QTc interval and arrhythmias, which were respectively found in 39.9%, 32.4%, and 27.1%
of the stroke patients and 28.9%, 30.7%, and 16.2 of the patients with no primary cardiac disease. We observed that other ECG changes
comprising pathologic Q- wave, ST-segment depression, ST-segment elevation, and prominent U wave may also occur in selected or non-
selected stroke patients; thereby simulate an acute myocardial injury. We observed an increased number of patients with abnormal T-wave
and posterior fossa bleedings and more rhythm disturbances for ischemic lesions, localized in the anterior fossa. Conclusion: Ischemia-like
ECG changes and arrhythmias are frequently seen in stroke patients, even in those with no history or signs of primary heart disease, which
support a central nervous system origin of these ECG abnormalities. Further study is necessary to better define the brain-heart interaction.
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Introduction or coronary atherosclerosis, leading to ECG abnormalities. In
addition, many primary cardiac disorders, like myxoma, mural
thrombus, endocarditis, and atrial septal defect with deep
venous thrombosis, can lead to cerebral emboli; arrhythmias,
heartblock, and decreased cardiac output, which may precipitate

cerebral ischemia. Then, healthcare professionals presented

Every year, more than half a million people in the world
suffer from acute cerebrovascular events, including ischemic
stroke, intracerebral and subarachnoid hemorrhage, giving a
mortality of nearly 20%." Acute strokes, especially subarachnoid

hemorrhage is frequently accompanied by a variety of
electrocardiographic (ECG) abnormalities,*” some of which
may be indistinguishable from those seen in association with
an episode of severe myocardial ischemia and/or infarction.
In addition, patients often have simultaneous hypertension
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with this clinical/electrocardiographic picture are confronted
with special challenges, and it is crucial to distinguish stroke-
induced ECG changes from ECG changes due to concomitant
ischemic heart disease.

There is a very considerable heterogeneity in how ECG changes
in stroke patients are presented in the literature.*”! This
electrocardiographic spectrum seems to be related to the type
of cerebrovascular disease and its localization. The autonomic
and cardiovascular effects of stroke; however, are modulated
by concomitant factors such as pre-existent cardiac diseases
and electrolyte disorders. Although many subsequent reports
have described ECG abnormalities and rhythm disturbances in
stroke, especially subarachnoid hemorrhage, few have included
an adequate number of patients to statistically assess the relative
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frequencies of these abnormalities among the pathophysiologic
categories of stroke. Furthermore, few previous studies have
evaluated ECG changes and rhythm disturbances in ischemic
stroke patients without primary heart disease to distinguish
abnormalities specifically associated with acute stroke. In view
of the varied explanations for the ECG abnormalities in acute
CVA, the present study was undertaken to review the pattern
of ECG changes associated with pathophysiologic categories
of acute stroke among patients with/without cardiovascular
disease and to determine if specific ECG changes are related
to the location of the lesion.

Materials and Methods

Study design and setting

The study was conducted in an Iranian tertiary center (Sina
hospital) affiliated to Tehran University of Medical Sciences
(TUMS). This was a retrospective review of a cohort of patients
admitted with a diagnosis of acute cerebrovascular events
including ischemic stroke, intracerebral and subarachnoid
hemorrhage in our center. Those with: 1) unavailable ECG
within 24 hours; 2) a head trauma within 1 week prior to
the stroke; 3) a documented history of subdural hematoma;
4) stroke in the setting of dissecting aortic aneurysm; 5) a
functioning artificial pacemaker; or 6) alternative diagnoses
such as cerebral tumors, electrolyte disturbances, or left
ventricular hypertrophy on ECG, and bundle branch block
were excluded. The study was conducted in accordance
with Helsinki declaration and was performed in line with
considerations, recommended by TUMS ethics committee.

Ischemic stroke was defined as a rapidly developing clinical
sign of focal or global disturbances of cerebral function,
lasting at least 24 h or leading to death with no apparent
cause other than vascular origin, and it was verified by cranial
computerized tomography (CT).

Subarachnoid hemorrhage was diagnosed if 1) the patient
suffered from the sudden onset of headache and stiff neck
without lateralizing neurologic signs, and had grossly bloody
cerebrospinal fluid; or 2) angiography or CT findings were
diagnostic.

Intracerebral hemorrhage was diagnosed if the patient suffered
from the sudden onset of headache, lateralizing signs, or loss
of consciousness approved by CT scanning.

Clinical characteristics and ECG changes were compared
in different categories of acute stroke. Hypertension was
defined as systolic blood pressure 2140 mmHg and diastolic
blood pressure 290 mmHg or receiving anti-hypertensive
medications. Dyslipidemia was defined as receiving lipid-
lowering agents or total serum cholesterol >240 mg/dl or
serum triglyceride >200 mg/dl. A positive smoking history was
defined as a person smoking at least 10 cigarettes a day for at
least 5 years.® Individuals with the continuous consumption of
100-150 gr ethanol for at least 2 years were considered alcohol
consumers. Ischemic heart disease was defined as the presence
of 1: history of angina pectoris or angina equivalent symptoms
and coronary care unit admission, 2: myocardial infarction,
3: coronary revascularization and/or stenting, 4: positive

myocardial spect scan, 5: positive stress testing.

Electrocardiography

A 12-lead ECG was recorded with a sensitivity of 10 mm/mv
and a paper speed of 25 mm/s from all patients within 24 h
after admission. ECG measurements were made manually
by a single experienced cardiologist blinded to the patients’
information. The ECGs were analyzed for QTc- (heart rate-
corrected QT)" interval duration, ST-segment depression
or elevation, T-wave abnormalities, U-wave presence, and
arrhythmias. ECG abnormalities were defined according to
the following criteria:

Down-sloping ST-segment depression or its flat depression of
1 mm and the elevation of 1.0 mm in extremity and precordial
leads (but elevation of 2.0 mm for V1 and V2) were considered
as significant.?!

Q-wave and T-wave abnormalities were assessed in leads I, II,
aVL, aVF, and V2-6. T-wave abnormalities included T-waves
that are of low voltage or are flat or inverted in leads that are
normally upright or that are abnormally tall and peaked; a
T-wave less than 0.1 mV in depth was defined as inverted.?!

The Q-waves were considered significant (unless confined
to lead III) if they were greater than 0.04 seconds in duration
or more than 25% of the height of the R-wave for that lead.”

Abnormal U-wave was defined as negative U-wave with
more than 0.1 mV depth or positive U wave higher than 25%
of T-wave.P! U-waves were considered significant if they were
visible in more than 2 leads.

The QT interval was measured from the beginning of QRS
complex to the end of T-wave, defined as a return to TP baseline.
71 If U-wave was present, the QT interval was measured to
the nadir of the curve between T- and U-waves. The corrected
QT (QTc) interval was defined as the QT interval divided by
the square root of the RR interval (Bazett’s formula) from an
average of 3 complexes in lead I and was considered abnormal
if it was longer than 0.44 5.

Rhythm disturbances were stratified as sinus bradycardia
or tachycardia, atrial or ventricular premature beat, atrial
fibrillation (AF), atrioventricular block, supraventricular and
ventricular tachycardia.

Statistics

The data were entered into Microsoft Excel and transported
into SPSS for Windows for analysis. Categorical variables are
presented as frequency of occurrence and were analyzed by
X? or Fisher’s exact test, if necessary. All tests were two-tailed
with alpha set at 0.05.

Results

A total of 361 patients were included in this study; 303 patients
with ischemic stroke, 41 patients with SAH, and 17 patients
with ICH. Clinical data from the three patient groups are
presented in Table 1. The sex distribution was similar in the
SAH (70.6% men) and ICH groups (70.7% men) with the
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predominance of male gender, while the ischemic stroke group
had a similar proportion of male and female. The history of
cardiovascular disease, previous stroke, diabetes mellitus,
hypertension, and dyslipidemia was the same in all groups.

Table 2 compares various ECG findings between patients of the
study groups. T-wave abnormalities were observed in 39.9% of
the patients with stroke and prolonged QT intervals in 32.4%,
constituting the most frequent single ECG abnormalities in
stroke. The most frequent ECG abnormality observed in both
ischemic stroke and ICH groups was abnormal T-wave, which
was present in 39.9% and 43.9% of the patients, respectively. The
most pronounced difference between the groups was observed
for the occurrence of the Q-T interval of more than 0.44 s and
Pathologic Q-wave (each P value = 0.001). QT prolongation

Table 1: Clinical characteristics of stroke patients

occurred more frequently in patients with SAH (53%) than in
other types of stroke (31%; P=0.001), as did Pathologic Q (47.1%
vs. 15.8%; P=0.001). No relationship was obtained between the
frequency of other ECG abnormalities including ST-segment, T-
and U-wave abnormalities, and arrhythmias and type of stroke.

Among patients without cardiovascular disease (n = 228),
30.7% had prolonged QTc interval, 14.5% had Pathologic
Q-wave, and 16.2% had arrhythmias of any type. Among
ischemic ECG changes, ST-segment depression was observed
in 7%, ST-segment elevation in 9.6%, T-wave abnormalities in
28.9%, and abnormal U-wave in 11.8% of them. In order to
analyze the importance of the influence of the non-cerebral
disorders in ECG, patients with ECG changes in each group
were compared between those with/without cardiovascular

(%) Ischemic stroke Subarachnoid hemorrhage Intra cerebral hemorrhage P value
n =303 n=17 n=41
Age
<40 10 (3.3) 3 (17.6) 3(7.3) 0.006
40-59 74 (24.4) 13 (31.7)
>60 219 (72.3) 14 (82.4) 25 (61.0)
Men 154 (50.8) 12 (70.6) 29 (70.7) 0.009
Dyslipidemia 69 (22.8) 5(29.4) 11 (26.8) 0.715
Diabetes mellitus 77 (25.4) 2(9.5) 13 (31.7) 0.16
Hypertension 210 (69.3) 9 (52.9) 26 (63.4) 0.302
Ischemic heart disease 115 (38.0) 6 (35.3) 12 (29.3) 0.552
History of stroke 108 (35.6) 4 (23.5) 12 (29.3) 0.455
Smoking 65 (21.5) 12 (29.3) 0.046
alcohol 3(1.0) 0
Table 2: Comparison of electrocardiographic findings in different categories of stroke in Patients without
cardiovascular diseases or hypertension
QTc interval ST segment ST segment Abnormal Pathologic Abnormal  Overall
>0.44 s depression  elevation U wave Q wave T wave arrhythmias
Stroke, Total N=361 117 (32.4) 45 (12.5) 39 (10.8) 33(9.1) 57 (15.8) 144 (39.9) 98 (27.1)
overall Cardiovascular diseases (+) N=133 47 (35.3) 29 (21.8) 17 (12.8) 6 (4.5%) 4(18%)  78(58.6)  42(31.6)
Cardiovascular diseases (-) N=228 70 (30.7) 16 (7) 22 (9.6) 27 (11.8) 3(14.5)  66(28.9) 37(16.2)
Hypertension (+) N=245 83(33.9) 31 (12.7) 26 (10.6) 23(9.4) 0(16.3) 110 (44.9)  61(24.9)
Hypertension (-) N=116 4(29.3) 14 (12.1) 13 (11.2) 10 (8.6) 7(14.7)  34(29.3)  18(15.5)
Ischemic Total N=303 104 (34.3) 35 (11.6) 31(10.2) 29(9.6)  42(13.9)  121(39.9) 68 (22.4)
stroke Cardiovascular diseases (+) N=115 42 (36.5) 27 (23.5) 13 (11.3) 6(5.2) 8 (15.7) 70 (60.9) 37 (32.2)
Cardiovascular diseases () N=188 62 (33) 8 (4.3) 18 (9.6) 23 (12.2) 4(12.8)  51(27.1) 31 (16.5)
Hypertension (+) N=210 75 (35.7) 25 (11.9) 22 (10.5) 20 (9.5) 9(13.8) 94 (44.8) 51(24.3)
Hypertension (-) N=93 29 (31.2) 10 (10.8) 9(9.7) 9(9.7) 13 (14) 27 (29) 17 (18.3)
Subarachnoid Total N=17 9 (52.9) 1(5.9) 4 (23.5) 0 8 (47.1) 5(29.4) 2 (11.8)
hemorrhage  Gardiovascular diseases (+) N=6 5 (83.3) 0 2 (33.3) 0 4(66.7) 2 (33.3) 1(16.7)
Cardiovascular diseases (-) N=11 4(36.4) 1(9.7) 2 (18.2) 0 4(36.4) 3(27.3) 1(9.9)
Hypertension (+) N=9 5 (55.6) 1(11.7) 2(22.2) 0 6 (66.7) 1(11.1) 2(22.2)
Hypertension (-) N=8 4 (50) 0 2 (25) 0 2 (25) 4 (50) 0
Intracerebral Total N=41 4(9.8) 9(22) 4(9.8) 4(9.8) 7 (17.1) 18 (43.9) 9(22)
hemorrhage  Gargiovascular diseases (+) N=12 0 2 (16.7) 2 (16.7) 0 2 (16.7) 6 (50) 4(33.3)
Cardiovascular diseases (-) N=29 4 (13.8) 7 (24.1) 2(6.9) (13.8) 5(17.2) 12 (41.4) 5 (17.2)
Hypertension (+) N=26 3(11.5) 5(19.2) 2(7.7) 3(11.5) 5(19.2) 15 (57.7) 8 (30.8)
Hypertension (-) N=15 1(6.7) 4 (26.7) 2 (13.3) 1(6.7) 2 (13.3) 3(20) 1(6.7)
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Table 3: The frequency (%) of electrocardiographic abnormalities according to lesion locations in stroke patients

QTc interval ST ST Abnormal Pathologic Abnormal Overall
>0.44 s segment segment U wave Q wave T wave arrhythmias
depression elevation

Ischemic stroke  Anterior circulation (n=176) 62 (35.2) 22 (12.5) 22 (12.5) 19 (10.8) 21(11.9) 70(39.8) 46 (26.1)**
(n=285)* Posterior circulation (n=109) 39 (35.8) 12 (11.0) 7 (6.4) 10 (9.2) 14 (12.8) 46 (42.2) 17 (15.6)
Subarachnoid Anterior circulation (n=3) 0 0 3(100) 0 2 (66.7) 1(33.3) 1(33.3)
hemorrhage (n=6)* Pposterior circulation (n=3) 2 (66.7) 1(33.3) 0 0 1(33.0) 0 1(33.3)
Intracerebral Anterior circulation (n=29) 4 (13.8) 8 (27.6) 3(10.3) 4 (13.8) 7 (24.1) 10 (34.5)* 7 (24.1)
hemorrhage(n=40)* posterior circulation (n=11) 0 1(9.1) 1(9.1) 0 0 8 (72.7) (10.0)

*Number of patients with available data, **P<0.05

diseases and hypertension [Table 2]. By comparing these
groups, among ischemic stroke patients, all ECG alteration
were more common in groups with history of cardiovascular
diseases and hypertension, except for abnormal U-wave.

The frequency of ECG abnormalities according to lesion
location is reported in Table 3. The study groups were
broken down according to the location of the lesion, and
ECG findings in patients with the lesions localized in
the anterior fossa in each group were compared with the
corresponding figures of the remaining patients in posterior
fossa. Except for a higher frequency of an abnormal T-wave
in the posteriorly localized intracerebral bleedings and more
rhythm disturbances for ischemic lesions, localized in the
anterior fossa (P = 0.03 and P = 0.02, respectively), no major
differences could be demonstrated.

Discussion

The mechanisms by which acute cerebrovascular events
cause ECG changes are unsettled. It has been suggested that
changes in the autonomic nervous system activity can be
primarily responsible for these ischemic, arrhythmic, and
repolarization changes.””’ Sustained sympathetic stimulation
results in structural damages to the myocardium, which may
be mediated by a sudden increase in intracranial pressure,%
hypothalamic,™ and cardiac nerve stimulation or through an
arrhythmogenic center in the insular cortex.!"”? Moreover, direct
damage to the cardiac innervations or imbalance between the
left and right sympathetic outflows to the heart, underlying
atherosclerotic or hypertensive cardiovascular disease, or
asymptomatic/undetectable primary heart disease are among
the suggested causes.['>4!

In the present study, the most common ECG stroke-associated
abnormalities were T-wave abnormalities, prolonged QTc
interval, and arrhythmias found respectively in 39.9%, 32.4%,
and 27.1% of the stroke patients and 28.9%, 30.7%, and 16.2
of patients with no primary heart disease. We observed that
other ECG changes comprising pathologic Q-wave, ST-segment
depression, ST-segment elevation, and prominent-U wave may
also occur in selected or non-selected stroke patients, thereby
simulating an acute myocardial injury. The high frequency of
ECG abnormalities in our study population is in line with the
frequency reported in the literature.*”!>171 According to the
results of these studies, the ischemia-like ECG abnormalities
and QT interval prolongation can occur in more than 90% of

the patients with ischemic or hemorrhagic stroke, and this rate
will decrease by 8-40% if patients with a history of known
heart disease and treatment by cardiac drugs are excluded.
In an early study of 150 patients with acute stroke, Golstein®
detected QT prolongation in 45%, ischemic changes in 39%,
arrhythmias in 27%, and U-waves in 28% of their patients. In
a study on patients with ischemic stroke but without history
of primary heart disease, Dogan et al.l! found ischemia-like
ECG changes in 65% of patients, QTc interval prolongation
in 26%, and arrhythmias in 44% of them. In the study of
Lindgren et al.,"® transient ST-T changes were found in 54% of
patients with ischemic stroke with no primary heart disease.
Prominent U-wave, QT interval prolongation, and arrhythmia
were observed in 17%, 13%, and 4% of them, respectively.
Compared with our study, however, that study included only
24 patients with cerebral infarction. On the other hand, in
the study of McDermott et al.,') ST-segment depression was
noted in only 8% of the selected patients without a history of
coronary heart disease, whereas it was observed in 60% of
the patients. However, the number of study patients was also
limited to 51 cases.

Most of the ECG abnormalities described after an acute
cerebral event were linked to SAH. In SAH, the incidence
of ECG abnormalities ranges from 49% to 100%, including
changes in ST segment (15% to 51% of patients), T-waves
(12% to 92%), prominent U-waves (4% to 47%), QT
prolongation (11% to 66%), pathological Q waves, and sinus
dysrhythmias. 261517

In conformity with previous reports on SAH patients,#'>17 the
most frequent ECG abnormality observed in the present study
was prolonged QTc interval, which represents disorders of the
repolarization process, and has been suggested to be associated
with an increased susceptibility to cardiac arrhythmias. The
cause of the initial prolongation of the QTc interval after SAH
remains unclear. First, the interval prolongation may be due
to a disturbed regional myocardial sympathetic activity.(*!
Second, SAH causes a decrease in serum magnesium mediated
possibly by free fatty acids, sympathetic stimulation, and
coronary vasospasm (decreasing the serum magnesium also
causes vasospasm).l! Although widely reported, the prolonged
length of the QTc interval was debated by Shuster.*!! He
cautioned against inadvertently including the U-wave in the
QTec interval. The U-wave, which is often 1 mm or greater in
amplitude in patients with SAH, can be mistakenly interpreted
as a part of a notched T-wave if the U wave occurs early during
repolarization.
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Abnormal T-wave was the most abnormal ECG findings in
patients with ischemic stroke. However, the higher incidence
of abnormal T-wave in ischemic stroke patients with
cardiovascular diseases implies the influences of other factors
on the T-wave than the intracranial disorder in this group.
The accurate interpretation of T-wave changes can assist the
clinician toward an accurate diagnosis. Low-amplitude and
abnormally inverted T-waves may be the result of non-cardiac
pathophysiology; while T-wave inversions produced by MI
are classically narrow and symmetric. ST segment depression
is another ECG change often reported in SAH patients.® It
has been reported that advanced age itself, which is the time
of occurrence of stroke,'¥% is associated with the presence
of ST-segment change. In the population based-study,
ischemia-like ECG changes were observed in 27% of men
and 31% of women in the population aged 65-74 years. New
pathologic Q-waves, in contrast to ischemic changes, rarely
occur in stroke. Only 2 cases in which acute strokes produced
Q-waves without an autopsy evidence of infarction have been
reported, yet.P!

Attempts to correlate the ECG abnormalities with the location
of the brain lesion have been made previously by several
authors, but the reported results are divergent. The direct
stimulation of many areas of the CNS is known to result in
abnormal ECG patterns; while no relationship of the ECG
changes, to the site of the bleeding aneurysm, was found
by Cropp and Manning,” Shuster®! and Hunt et al.! In
studies focused on the intracranial vascular spasm after SAH
and the appearance of ECG abnormalities, Wilkins ef al.[?
showed no relationship, while Stober and Kunze*! were able
to find a correlation between cerebral arteries spasms of the
left hemisphere, T-wave inversion, and QT prolongation. A
correlation between arrhythmias and T-wave abnormalities
and hemorrhages in the anterior cerebral circulation has been
reported in patients with cerebral hemorrhages.*! Dogan et
al.¥l observed that lesion of insular cortex, which lies beneath
frontoparietal and superior temporal opercula, leads to
several cardiac abnormalities such as ischemic ECG changes,
arrhythmias, and myocytolysis.” Our major finding was an
increased number of patients with abnormal T-wave, posterior
fossa bleedings, and more rhythm disturbances for ischemic
lesions, localized in the anterior fossa. Thus, from these various
observations, it has not been possible to establish a clear
correlation between the location of the intracranial disorder
and a specific ECG abnormality.

We believe that our study, although retrospective, adds to the
current knowledge regarding the utility of an ECG in the setting
of acute stroke. We also believe that our study group was less
selected than the aforementioned studies, and our population
represents the majority of stroke patients who would have been
hospitalized at our center during the study period. Since we
did not routinely perform thoracic echocardiography and other
investigations such as stress echocardiography, myocardial
scintigraphy, and scanning techniques for coronary artery
territory, asymptomatic coronary heart disease may have
remained undetectable.

In conclusion, ischemia-like ECG changes and arrhythmias
are frequently seen in stroke patients, even in those with no

history or signs of primary heart disease, which support a
central nervous system origin of these ECG abnormalities. In
addition, specific ECG abnormality correlated with a localized
intracranial pathological change could not be established.
Further studies are required to more precisely clarify the causal
connection between these abnormalities and the intracranial
lesion.
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